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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a polymeric material 
which enhances the proton conductivity of a polybenzimidazole 
based polymer having a sulfonic acid group on the aromatic ring 
and excellent properties such as heat resistance and 
mechanical properties and, simultaneously, has sufficient water 
resistance when used as a polymeric electrolyte membrane. 
SOLUTION: The sulfonic acid group-containing 

polybenzimidazole compound has a polymer composed of a J} 

repeating unit to be represented by formula (1) [wherein X is 7^C|f*T- -• • JOT^^^t 

selected from -0-, -S02- -C(CH3)2- -C(CF3)2- -OPhO- v "''t 

and a direct bond; Ar is selected from aromatic groups 

containing 0-2 sulfonic groups and contains an average of 0.5 

per Ar of the sulfonic acid group; and R is selected from 

hydrogen, a 2-1 2C aliphatic group, an aromatic group, an 

aliphatic/ aromatic substituent, a 2-1 2C aliphatic sulfonic acid 

group, an aromatic sulfonic acid group, and an 

aliphatic/aromatic sulfonic acid substituent] as the major 

component, has an inherent viscosity, measured in sulfuric acid, 

of >0.1 and, simultaneously, is substantially insoluble in water. 
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* NOTICES * 

JPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] the logarithm which used as the principal component the polymer which consists of a repeat unit 
expressed with the following general formula (1), and was measured in the sulfuric acid ~ the sulfonic 
group content polybenzimidazole compound characterized by not dissolving in water substantially while 
viscosity is 0.1 or more. 
[Formula 1] 



(X is chosen from -O-, -S02-, -C(CH3)2-, -C(CF3)2-, -OPhO-, and direct coupling among a formula.) Ar is 
chosen from the aromatic series radical containing 0-2 sulfonic groups, and 0.5 or more sulfonic groups per 
Ar are contained as the average. R is chosen from hydrogen, the aliphatic series of 2-12 carbon numbers, 
aromatic series, aliphatic series / aromatic substitution radical and the aliphatic series sulfonic acid of 2-12 
carbon numbers, an aromatic series sulfonic acid, and aliphatic series / aromatic series sulfonic-acid 
substituent. 

[Claim 2] The sulfonic group content polybenzimidazole compound characterized by choosing R from 
hydrogen, the aliphatic series of 2-12 carbon numbers, aromatic series, aliphatic series / aromatic 
substitution radical in claim 1 . 

[Claim 3] The sulfonic group content polybenzimidazole compound characterized by choosing R from 
hydrogen, the aliphatic series sulfonic acid of 2-12 carbon numbers, an aromatic series sulfonic acid, and 
aliphatic series / aromatic series sulfonic-acid substituent in claim 1 . 

[Claim 4] The moldings characterized by using a compound according to claim 1 to 3 as a principal 
component. 

[Claim 5] Film characterized by using a compound according to claim 1 to 4 as a principal component. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to sulfonic group content polybenzimidazole system resin 

useful as poly electrolyte film. 

[0002] 

[Description of the Prior Art] A water electrolyzer and a fuel cell can be raised as an example of the 
electrochemical equipment which uses a solid polymer electrolyte as an ion conductor instead of a liquid 
electrolyte. The poly membrane used for these must be chemical, thermal, electrochemical, and dynamic 
sufficiently stable in proton conductivity as cation exchange membrane. For this reason, as what can be used 
over a long period of time, the perfluorocarbon-sulfonic-acid film which mainly makes "Nafion 
(trademark)" by U.S. Du Pont the example of representation has been used. However, if it is going to 
operate on the conditions exceeding 100 degrees C, membranous water content will fall rapidly, and also it 
becomes remarkable [ membranous softening ]. For this reason, in the fuel cell used as a fUel, degradation 
by the methanol transparency in the film cannot start the methanol with which the future is expected, and 
sufficient engine performance cannot be demonstrated. Moreover, also in the fuel cell operated near 80 
degree C by using as a fuel the hydrogen currently examined by the current Lord, it is pointed out as a 
failure of establishment of a fuel cell technique that membranous cost is too high. 

[0003] In order to conquer such a fault, the polyelectrolyte film which introduced the sulfonic group into the 
aromatic series ring content polymer is examined variously. For example, they are what sulfonated the poly 
aryl ether sulfone (Journal of Membrane Science, 83, 21 1 (1993)), the thing (JP,6-931 14,A) which 
sulfonated the polyether ether ketone, sulfonated polystyrene, etc. However, a desulfonation acid reaction 
tends to occur with an acid or heat, and the sulfonic group introduced on the ring by using a polymer as a 
raw material cannot be said to be enough [ endurance ] for using it as an electrolyte membrane for fuel cells. 

[0004] It is possible that the polymer of aromatic series poly azole systems, such as polybenzimidazole, is 
known as a high heatproof and a polymer of high endurance, a sulfonic group is introduced into these 
polymers, and it uses for the above-mentioned purpose. As such polymer structure, about the 
polybenzimidazole containing a sulfonic acid Uno's and others J.Polym.Sci., Polym.Chem., 15, 3 in 1309 
(1977), 3'-diaminobenzidine, 3 and 5-dicarboxy benzenesulfonic acid or 4, 6-dicarboxy - what is 
compounded from 1 and 3-benzene disulfon acid By USP-53 12895, it is reported that it is 1, 2, 4, and 5- 
benzene tetramine which compounds 2 and 5-dicarboxy benzenesulfonic acid as a principal component. 
However, in these reports, it did not look back about the electrochemical property which sulfonic groups, 
such as an electrolyte membrane application, have. Therefore, while reconciling thermal resistance, solvent 
resistance, the mechanical property, and the ionic conduction property, the molecular design which also took 
workability into consideration further was what is inferior to one of properties at least it not being carried 
out but using it for the polyelectrolyte film. 

[0005] It is reported in USP No. 5,525,436 that the polyelectrolyte film which is excellent in the proton 
conductivity in the elevated temperature in it sinking a sulfuric acid and a phosphoric acid into 
polybenzimidazole that polybenzimidazole applies to the polyelectrolyte film on the other hand paying 
attention to the thermal resistance which it originally has, solvent resistance, a mechanical property, etc. is 
obtained. Moreover, that to which what is used as a polyelectrolyte by introducing a sulfonic group into 
polybenzimidazole introduces N-alkyl sulfonic acid into polybenzimidazole is reported by JP,9-73908,A, 
USP No. 4814399, etc. Moreover, in the collection of macromolecule debate summaries, 49, and P.3217 
(2000), the polymer of the structure which also contains N-alkyl chain in coincidence is shown in order to 
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improve the mechanical strength of N-alkyl sulfonic-acid content polybenzimidazole. Thus, the approach of 
using as N-alkyl sulfonic acid the attempt which is going to obtain the polyelectrolyte film by introducing a 
sulfonic group into polybenzimidazole is examined until now, and the examination by what introduced the 
direct sulfonic group on the aromatic series ring of polybenzimidazole has not been reported. Although the 
polymer by which the sulfonic group is introduced on the ring of polybenzimidazole with N-alkyl sulfonic- 
acid structure is reported to USP5,3 12,876, since the polymer itself is water solubility and it cannot be used 
from the first as proton conductivity polyelectrolyte film used under moisture existence, the property as 
polyelectrolyte film is not evaluated in this system. 

[0006] As mentioned above, in spite of having expected to excel in the thermal stability higher than other 
sulfonation poly arylene ether etc. for whether your being Haruka as the sulfonic acid introduced on the ring 
of polybenzimidazole was shown in J.Polym.Sci., Polym.Chem., 15, and 1309 (1977), it did not inquire in 
detail as polyelectrolyte film. This reason is considered to be because for it to be restricted in the 
conductivity of a proton also in electric field in order that the imidazole ring which mainly has the 
description as the sulfonic group and basic group on a ring may carry out salt formation between 
intramolecular or a molecule. 
[0007] 

[Problem(s) to be Solved by the Invention] In case it is used for coincidence as polyelectrolyte film, the 
purpose of this invention is to obtain polymeric materials with sufficient water resisting property, while 
raising the proton conductivity of the polybenzimidazole system polymer which has a sulfonic group on a 
ring with the property excellent in thermal resistance, a mechanical characteristic, etc. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, as a result of repeating 
research wholeheartedly, this invention persons can improve a proton conduction property, maintaining a 
water resisting property by changing the imidazole ring top hydrogen of the polybenzimidazole system 
polymer containing a specific sulfonic group into a carbon system substituent, and came to get polymeric 
materials useful as polyelectrolyte film used for a fuel cell etc. 
[0009] That is, this invention is attained by following the (1) - (5). 

(1) the logarithm which used as the principal component the polymer which consists of a repeat unit 
expressed with the following general formula (1), and was measured in the sulfuric acid — the sulfonic 
group content polybenzimidazole compound characterized by not dissolving in water substantially while 
viscosity is 0.1 or more. 
[Formula 2] 

R 

(X is chosen from -O-, -S02-, -C(CH3)2-, -C(CF3)2-, -OPhO-, and direct coupling among a formula.) Ar is 
chosen from the aromatic series radical containing 0-2 sulfonic groups, and 0.5 or more sulfonic groups per 
Ar are contained as the average. R is chosen from hydrogen, the aliphatic series of 2-12 carbon numbers, 
aromatic series, aliphatic series / aromatic substitution radical and the aliphatic series sulfonic acid of 2-12 
carbon numbers, an aromatic series sulfonic acid, and aliphatic series / aromatic series sulfonic-acid 
substituent. 

[0010] (2) The sulfonic group content polybenzimidazole compound characterized by choosing R from 
hydrogen, the aliphatic series of 2-12 carbon numbers, aromatic series, aliphatic series / aromatic 
substitution radical in the general formula (1) under above (1). 

[001 1] (3) The sulfonic group content polybenzimidazole compound characterized by choosing R from 
hydrogen, the aliphatic series sulfonic acid of 2-12 carbon numbers, an aromatic series sulfonic acid, and 
aliphatic series / aromatic series sulfonic-acid substituent in the general formula (1) under above (1). 
[0012] (4) The moldings characterized by using the above (1) thru/or the sulfonic group content 
polybenzimidazole compound in (3) as a principal component. 

[0013] (5) Film characterized by using the above (1) thru/or the sulfonic group content polybenzimidazole 

compound in (4) as a principal component. 

[0014] 

[Embodiment of the Invention] This invention is explained to a detail below. With the sulfonic group 
content polybenzimidazole compound characterized by this invention using as a principal component the 
polymer which consists of a repeat unit expressed with the following general formula (1) and the moldings 

http ://www4. ipdl .ncipi . go jp/cgi-bin/tran_web_cgi_ejj e 12/14/2005 



JP,2003-055457,A [DETAILED DESCRIPTION] 



Page 3 of 6 



which makes it a principal component, and the film, while excelling in thermal resistance and a mechanical 
characteristic, the ingredient used as the solid polymer electrolyte having sufficiently high proton 
conductivity is offered, that logarithm measured in the sulfuric acid in order to use this resin constituent as a 
polyelectrolyte ingredient — while viscosity is 0.1 or more, it is necessary not to dissolve in water 
substantially, a logarithm — when viscosity is lower than this, problems, like handling becomes difficult 
arise. 
[0015] 
[Formula 3] 

R 

(X is chosen from -O-, -S02-, -C(CH3)2-, -C(CF3)2-, -OPhO-, and direct coupling among a formula.) Ar is 
chosen from the aromatic series radical containing 0-2 sulfonic groups, and 0.5 or more sulfonic groups per 
Ar are contained as the average. R is chosen from hydrogen, the aliphatic series of 2-12 carbon numbers, 
aromatic series, aliphatic series / aromatic substitution radical and the aliphatic series sulfonic acid of 2-12 
carbon numbers, an aromatic series sulfonic acid, and aliphatic series / aromatic series sulfonic-acid 
substituent. 

[0016] The sulfonic group content polybenzimidazole compound shown by the above-mentioned general 
formula (1) is the approach which is indicated by JP,9-73908,A and USP No. 4814399 to the 
polybenzimidazole which has a sulfonic group on a ring, and after it transposes imidazole ring nitrogen top 
hydrogen to Na, Li, etc., it can be obtained by making it react with alkyl bromide and ape tons. As R in the 
above-mentioned formula (1), specifically A methyl group, an ethyl group, n-propyl group, n-butyl, n-pentyl 
radical, n-hexyl group, n-heptyl radical, n-octyl radical, n-nonyl radical, n-decyl group, n-undecyl radical, 
Straight chain alkyl groups, such as n-dodecyl, an isopropyl group, an isobutyl radical, 2-methylpropyl 
radical, sec-butyl, tert-butyl, an isopentyl radical, Although aliphatic series / aromatic substitution radicals, 
such as aromatic series radicals, such as branch-type alkyl groups including an iso hexyl group and 2-methyl 
pentyl radical, a phenyl group, a naphthyl group, and a toluyl radical, and benzyl, are raised, it is not limited 
to these. Moreover, some hydrogen atoms on these substituents may be changed by other substituents, such 
as a hydroxyl group and a halogen radical, and the element. As an example as R, moreover, a methylsulfonic 
acid radical, 2-ethyl sulfonic group, 3-propyl sulfonic group, 4-butyl sulfonic group radical, 5-pentyl 
sulfonic group, 6-hexyl sulfonic group, 7-heptyl sulfonic group, 8-octyl sulfonic group, 9-nonyl sulfonic 
group, 10-DESHIRU sulfonic group, 1 1-undecyl sulfonic group, Alkyl sulfonic groups, such as 12-dodecyl 
sulfonic group, 4-phenyl sulfonic group, Although sulfonic group content aliphatic series / aromatic 
substitution radicals, such as aromatic series sulfonic groups, such as 3 -phenyl sulfonic group, a naphthyl 
sulfonic group, and a toluyl sulfonic group, and a benzyl sulfonic group, are raised, it is not limited to these. 
These substituents are mixable and can also make not only one sort but two or more substituents exist. As 
for these substituents, it is desirable to have permuted 30% or more of the hydrogen on imidazole ring 
nitrogen. When fewer than this, it becomes difficult to demonstrate the engine performance which was 
excellent in proton conductivity. 

[0017] Generally the sulfonic group in the sulfonic group content polybenzimidazole compound of this 
invention which introduced the above-mentioned N-substituent is obtained in the form of salts, such as Li 
and Na. In order to remove this salt, the acid treatment generally performed can be used. An acid solution 
may be made to contact by the solid state of polymer powder, a film, etc., and after dissolving a polymer in 
an acid solvent, it may supply in a non-solvent and you may collect as a free sulfonic acid type polymer. It is 
also useful to consider as a free sulfonic acid by mild neutralization using ion exchange resin. 
[0018] The polybenzimidazole which has a sulfonic group on the ring which performs above-mentioned N- 
substitution reaction 3, 3 (- diaminobenzidine, and '3, 3'), 4, and 4'-tetra-amino diphenylsulfone, 2 and 2- 
screw (3, 4-diamino phenyl) propane, 2, and 2-screw (3, 4-diamino phenyl) hexafluoropropane, 3, 3', 4, and 
4'-tetra-amino diphenyl ether, It can obtain by the polymerization which combined the aromatic series 
dicarboxylic acid which does not contain the aromatic series dicarboxylic acid and the sulfonic group 
containing the aromatic series tetramine chosen from screw (3,4,- diamino phenoxy) benzene, or its 
derivative and sulfonic group. As an example of the derivative of the above-mentioned aromatic series 
tetramine, a salt with acids, such as a hydrochloric acid, a sulfuric acid, and a phosphoric acid, etc. can be 
raised. Two or more tetramine compounds can also be used not only for an one-sort chisel but for 
coincidence. These aromatic series tetramines may contain well-known antioxidants, such as chlorination tin 
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(II) and a phosphorous acid compound, if needed. 

[0019] Although above-mentioned sulfonic group content dicarboxylic acid can choose the thing containing 
one piece or two sulfonic groups into aromatic series system dicarboxylic acid As an example, for example 
2, 5-dicarboxy benzenesulfonic acid, 3, 5-dicarboxy benzenesulfonic acid, 4, 6-dicarboxy - 1, 3-benzene 
disulfon acid, 2, 5-dicarboxy - 1, 4-benzene disulfon acid, 4, 4 f -dicarboxy - Sulfonic-acid content 
dicarboxylic acid and these derivatives, such as 2 and a 2'-biphenyl disulfon acid, can be mentioned. As a 
derivative, alkali-metal salts, such as sodium and a potassium, ammonium salt, etc. can be raised. Especially 
the structure of sulfonic group content dicarboxylic acid is not limited to these. Sulfonic group content 
dicarboxylic acid can be introduced in the form of copolymerization with the dicarboxylic acid which does 
not contain not only independent [ these ] but a sulfonic group. Although especially the purity of the 
dicarboxylic acid containing a sulfonic group is not restricted, it is desirable, and is more desirable. [ 99% or 
more of] [ 98% or more of] Since the inclination for a degree of polymerization to become low is seen 
compared with the case where the dicarboxylic acid which does not contain a sulfonic group is used for the 
polybenzimidazole by which the polymerization was carried out by using the dicarboxylic acid containing a 
sulfonic group as a raw material, as for the dicarboxylic acid containing a sulfonic group, it is desirable to 
use what has purity high as much as possible. 

[0020] As an example of dicarboxylic acid which can be used with the above-mentioned sulfonic group 
content dicarboxylic acid, the common dicarboxylic acid reported as a polyester raw material, such as 
terephthalic-acid, isophthalic acid, naphthalene dicarboxylic acid, diphenyl ether dicarboxylic acid, 
diphenylsulfone dicarboxylic acid, biphenyl dicarboxylic acid, terphenyl dicarboxylic acid, 2, and 2-screw 
(4-carboxyphenyl) hexafluoropropane, can be used, and it is not limited to what was illustrated here. When 
using the dicarboxylic acid which does not carry out sulfonic group content with the dicarboxylic acid 
containing a sulfonic group, a sulfonic group needs to contain 0.5 or more per Ar in the above-mentioned 
formula (1) as the average. 

[0021] The polybenzimidazole which has a sulfonic group on the ring which performs above-mentioned N- 
substitution reaction is compoundable with dehydration and cyclopolymerization which use as a solvent 
polyphosphoric acid which is indicated by J.F.Wolfe, Encyclopedia of Polymer Science and Engineering, 
2nd Ed., Vol.1 1, and P.601 (1988) in for example, a tetra-amine monomer and a dicarboxylic acid 
monomer. Moreover, the polymerization by the same device which used methansulfonic acid / phosphorus- 
pentaoxide mixed solvent system instead of polyphosphoric acid is also applicable. Otherwise, it considers 
as precursor polymers, such as polyamide structure, at the reaction of the inside of a suitable organic 
solvent, or mixed monomer melt, and the approach of changing into the target polybenzimidazole structure 
by the ring closure by suitable subsequent heat treatment etc. can be used. In order to compound the high 
polymer of thermal stability, the polymerization using the polyphosphoric acid generally used often is 
desirable. However, in the polymerization to which long duration which is conventionally reported in the 
polymerization using the dicarboxylic acid which contains a sulfonic group like this invention was applied, 
there is a possibility that the thermal stability of the obtained polymer may fall. For this reason, although it 
cannot generally ****** in this invention since polymerization time amount has the optimal time amount 
with the combination of each monomer, it is desirable to shorten polymerization time amount effectively. 
By this, a polymer with many amounts of sulfonic groups can also be obtained in the high condition of 
thermal stability. 

[0022] The sulfonic group content poly azole compound of this invention can be extruded from a 
polymerization solution or the isolated polymer, and can be fabricated by the approach of arbitration, such 
as spinning, rolling, and the cast, on fiber or a film. It is desirable to fabricate from the solution which 
dissolved in the suitable solvent especially. Although a suitable thing can be chosen from strong acid [, such 
as a non-proton polar solvent, and polyphosphoric acid, methansulfonic acid, a sulfuric acid, trifluoroacetic 
acid, ], such as N,N-dimethylacetamide, N.N-dimethylformamide, dimethyl sulfoxide, aN-methyl-2- 
pyrrolidone, and a hexa methyl HOSUHON amide, as a dissolving solvent, it is not limited to these. 
Plurality may be mixed and used for these solvents in the possible range. Moreover, it is good as a means 
which raises solubility also considering what added Lewis acid, such as a lithium bromide, a lithium 
chloride, and an aluminum chloride, to the organic solvent as a solvent. As for the polymer concentration in 
a solution, it is desirable that it is 0.1 - 30% of the weight of the range. If too low, a moldability will get 
worse, and if too high, workability will get worse. 

[0023] The method of acquiring a Plastic solid from a solution can use a well-known approach. For 
example, by immersion to the polymer non-solvent with which it can mix with the solvent which dissolves 
heating, reduced pressure drying, and a polymer etc., a solvent can be removed and the Plastic solid of 
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sulfonic group content polybenzimidazole can be acquired. When a solvent is an organic solvent, it is 
desirable to make a solvent distill off by heating or reduced pressure drying. When a solvent is strong acid, 
being immersed in water, a methanol, an acetone, etc. is desirable. Under the present circumstances, it can 
also fabricate in the form compounded with other polymers if needed on fiber or a film. When it combines 
with the poly bends azole system polymer to which soluble behavior is similar, it is convenient for carrying 
out good shaping. 

[0024] The desirable approach of fabricating the film which uses the sulfonic group content 
polybenzimidazole compound of this invention as a principal component is the cast from a solution. A 
solvent can be removed from the solution which carried out the cast as mentioned above, and the film of 
sulfonic group content polybenzimidazole can be obtained. It is desirable from membranous homogeneity to 
perform removal of a solvent by desiccation. Moreover, in order to avoid decomposition and deterioration of 
a polymer and a solvent, it is desirable to dry at the lowest possible temperature under reduced pressure. A 
glass plate, a Teflon (trademark) plate, etc. can be used for the substrate which carries out the cast. When the 
viscosity of a solution is high, if a substrate and a solution are heated and the cast is carried out at an 
elevated temperature, the viscosity of a solution can fall and the cast can be carried out easily. Although 
especially the thickness of the solution at the time of carrying out the cast is not restricted, it is desirable that 
it is 10-1000 micrometers. .When too thin, it becomes impossible to maintain the gestalt as film, and the 
uneven film will become easy to be made if too thick. It is 100-500 micrometers more preferably. The 
approach of controlling the cast thickness of a solution can use a well-known approach. For example, using 
an applicator, a doctor blade, etc., it can be made fixed thickness, or cast area can be fixed using a glass petri 
dish etc., and thickness can be controlled by the amount and concentration of a solution. The solution which 
carried out the cast can obtain the more uniform film by adjusting the removal rate of a solvent. For 
example, when heating, in the first phase, it can be made low temperature and a vapor rate can be lowered. 
Moreover, when immersed in non-solvents, such as water, it is suitable in air and inert gas, time amount 
neglect of the solution is carried out, and the coagulation rate of a polymer can be adjusted. Although the 
film of this invention can be made into the thickness of arbitration according to the purpose, from an ion 
conductivity field, a thing thin as much as possible is desirable. It is desirable that it is specifically 200 
micrometers or less, it is still more desirable that it is 50 micrometers or less, and it is most desirable that it 
is 20 micrometers or less. 

[0025] Since the phosphonic acid radical of this invention or the sulfonic group content polybenzimidazole 
polymer is excellent in ion conductivity, it is suitable also for making it the shape of a film and film and 
using it as ion exchange membrane, such as a fuel cell. Furthermore, it can also use by using polymer 
structure of this invention as a principal component as coatings, such as binder resin when producing the 
zygote of the ion exchange membrane of this invention, and an electrode. 
[0026] 

[Example] Although this invention is concretely explained using an example below, this invention is not 

limited to these examples. In addition, various measurement was performed as follows. 

a logarithm — viscosity: — polymer powder — the concentration of 0.5g/dl — concentrated sulfuric acid — 

dissolving - the inside of a 30-degree C thermostat - an Ostwald viscometer - using - measurement of 

viscosity - carrying out - a logarithm ~ viscosity [ln(ta/tb)]/c estimated (for the number of fall seconds of 

the sample solution, and tb, the number of fall seconds of only a solvent and c are [ ta ] polymer 

concentration). 

ion conductivity measurement: - the probe (product made from polytetrafluoroethylene) top for its original 
work measurement - the front face of a strip-of-paper-like film sample - a platinum wire (diameter: 
0.2mm) - pressing - the constant temperature of 80-degree-C95%RH - the inside of - constant humidity 
oven (Nagano Science Equipment Mfg. Co., Ltd., LH-20-01) - a sample - holding - the alternating current 
impedance between platinum wires - SOLARTRON 1 250FREQUENCY RESPONSE It measured by 
ANALYSER. The distance between electrodes was changed, it measured and the conductivity which 
canceled the contact resistance between the film and a platinum wire by the following formulas from the 
distance between electrodes and the inclination which plotted the resistance measurement value calculated 
from the Cole-Cole plot was computed. 

Conductivity [S/cm] Inclination between =l-/[film width cm] x [thickness cm] x resistance poles 
[omega/cm] 

IR measurement: It measured with the micro transmission method which used Biorad company FTS-40 for 
the spectroscope and used BioradUMA-300A for the microscope. 

NMR measurement: Varian company Unity-500 were used for the spectroscope and H-NMR was measured 
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at DMSO-d6 and the measurement temperature of 80 degrees C to the solvent. 

[0027] It is a temperature up to 100 degrees C, measuring an example 13, 3\ and 4 and 4'-tetra-amino 
diphenylsulfoneg [ 1.500 ] (5.389x1 0-3mole) and 2 and 5-dicarboxy benzenesulfonic acid monosodium 
(99% of purity) 1.445g (5.389xl0-3mole), 20.48g (75% of phosphorus-pentaoxide contents) of 
polyphosphoric acid and 16.41g of phosphorus pentaoxides in a polymerization container, and agitating 
nitrogen slowly on a sink and an oil bath. It carried out. It is a temperature up to 150 degrees C after holding 
at 100 degrees C for 1 hour. It carries out and is a temperature up to 1 hour and 200 degrees C. The 
polymerization was carried out and carried out for 3 hours. It cooled radiationally after polymerization 
termination, water was added, the polymerization object was taken out, and rinsing was repeated until it 
became pH-indicator-paper neutrality using the home mixer. Reduced pressure drying of the obtained 
polymer was carried out at 80 degrees C all night, the logarithm of a polymer — viscosity showed 1 .52. 
Obtained polymer 500mg (1.1 lxl0-3mole) was put into the glass reaction container, and the vacuum drying 
was carried out on 100-degree-C oil bath (about 3 hours). Dimethylacetamide (DMAc) 10ml was added here 
and it was made to dissolve in it at 150 degrees C. After lowering a system to 70 degrees C, 41mg (5.16x10- 
3mole) of lithium hydrides was added, bromination propyl 4.66ml (= 6.3g) (5.12xl0-2mole) was added after 
90-minute churning, reaction temperature was made into 80 degrees, and the reaction was continued for 3 
hours. After diluting with N-methyl pyrrolidone (NMP), the white polymer was made to reprecipitate in 
150ml THF after radiationnal cooling. Since the sulfonic acid of a product served as Li salt, in order to 
consider as a free acid, it remelted the generation polymer to methansulfonic acid, and made it reprecipitate 
underwater, the logarithm of the obtained polymer — viscosity showed 0.97. The IR spectrum of the 
obtained polymer is shown in drawing 1 . H-NMR showed that 75% of the imidazole ring nitrogen top 
hydrogen in a polymer was permuted by the propyl group ( drawing 2 ). The cast of the N-propyl-ized 
polymer was carried out on the glass plate from the NMP solution, and it produced the film. Even if it 
processed the desiccation film with 80-degree C hot water for 1 hour, when it is changeless in the gestalt of 
a film and this was made into the test portion, the ionic conductivity in 80-degree-C95%RH showed cm in 
0.0005 IS/. 

[0028] It sets in the example 2 example 1, and is a polymer. N-propyl sulfonic-acid compound was obtained 
using 300mg (6.63x1 0-4mole), 21mg (2.64x1 0-3mole) of lithium hydrides, DMAclOml, and propane ape 
ton 3.23g (2.64x1 0-2mole). the logarithm of the obtained polymer — viscosity showed 0.57. The IR 
spectrum of the obtained polymer is shown in drawing 3 . H-NMR showed that 90% of the imidazole ring 
nitrogen top hydrogen in a polymer was permuted by the propyl sulfonic group. Even if it carried out hot 
water processing like the example 1, it is changeless in the gestalt of a film and the measured ionic 
conductivity showed cm in 0.06 S /. 

[0029] When the film was produced without carrying out N-substitution reaction and ionic conductivity was 
measured like the example 1 about the polymer which carried out the polymerization in the example of 
comparison 1 example 1, cm was shown in 0.000 19S /. 
[0030] 

[Effect of the Invention] It can succeed in raising the proton conductivity of the polybenzimidazole system 
polymer which has a sulfonic group on the ring which has the property excellent in thermal resistance, a 
mechanical characteristic, etc. by this invention, and the ingredient in which it also considers as 
polyelectrolytes, such as a fuel cell, and the engine performance which was ** is shown can be offered. 

[Translation done.] 
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(54) SULFONIC ACID-CONTAINING ION CONDUCTIVE POLYBENZIMIDAZOLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a polymeric 
material which enhances the proton conductivity of a 
polybenzimidazole based polymer having a sulfonic acid 
group on the aromatic ring and excellent properties such 
as heat resistance and mechanical properties and, 
simultaneously, has sufficient water resistance when 
used as a polymeric electrolyte membrane. 
SOLUTION: The sulfonic acid group-containing ^ 

polybenzimidazole compound has a polymer composed of J^^f^l[ T^^ N ^_ AP ^ 

a repeating unit to be represented by formula (1) \ ir^*~~ .'^^n / 

[wherein X is selected from -0-, -S02-, -C(CH3)2- -C 

(CF3)2- -OPhO- and a direct bond; Ar is selected from 

aromatic groups containing 0-2 sulfonic groups and 

contains an average of 0.5 per Ar of the sulfonic acid 

group; and R is selected from hydrogen, a 2-1 2C 

aliphatic group, an aromatic group, an aliphatic/ aromatic 

substituent, a 2-1 2C aliphatic sulfonic acid group, an 

aromatic sulfonic acid group, and an aliphatic/aromatic 

sulfonic acid substituent] as the major component, has 

an inherent viscosity, measured in sulfuric acid, of >0.1 and, simultaneously, is substantially 
insoluble in water. 
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